Computational simulation of the influence of moving solid particles on species diffusion and chemical reactions by Gao, Weimin et al.
Deakin Research Online 
 
This is the published version:  
 
Gao, Weimin, Kong, Lingxue, Fabijanic, Dan and Hodgson, Peter 2006, Computational 
simulation of the influence of moving solid particles on species diffusion and chemical 
reactions, in Proceedings of the Fifth International Conference on Engineering 
Computational Technology, Civil-Comp, Kippen, pp. 467-468. 
 
Available from Deakin Research Online: 
 
http://hdl.handle.net/10536/DRO/DU:30006092 
 
Every reasonable effort has been made to ensure that permission has been obtained for items 
included in Deakin Research Online. If you believe that your rights have been infringed by 
this repository, please contact drosupport@deakin.edu.au 
 
Copyright : 2006, Civil-Comp Press 
Paper 199 
©CiviI-Comp Press, 2006. 
Proceedings of the Fifth Intemational Conference 
on Engineering Computational Technology, 
B.H.V. Topping, G. Montero and 
R. Montenegro, (Editors), 
Civil-Camp Press, Stirling shire, Scotland, 467-468. 
Computational Simulation of the 
Influence of Moving Solid Particles on 
Species Diffusion and 
Chemical Reactions 
W.M. Gao t, L.X. Kong:!:, D.M. Fabijanic t and P.D. Hodgson t 
tCentre for Material and Fibre Innovation, Deakin University, Geelong, Australia 
:j:Centre for Advanced Manufacturing and Research, University of South Australia, Mawson 
Lakes, Australia 
Keywords: gas-solid flow, species diffusion, chemical reaction, computational simula-
tion, CFD, DEM. 
It is well known that the gas-solid system plays a significant role in many industrial 
processes. It is a complex physical and chemical process, which generally consists of 
heat transfer, mass transfer, species diffusion and chemical reactions. In this paper, the 
reaction of methane with air, and the gas flow in a vertical cylinder reactor filled with 0.1 
mm alumina particles are computational simulated to study the effect of the inert solid 
particles on the species diffusion and the chemical reactions. The reaction of methane 
and air is modelled by a two-step reaction mechanism. There are a continuous fluid 
phase, being composed of six gases (CH4 , CO, O2, CO2, H20 and N2 ), and discrete solid 
particles in the reactor. 
A standard k - E turbulent model is used for the continuous gas phase. The standard 
momentum, energy and species diffusion equations are modified by considering the inter-
action of the solid particles and the continuous gas phase. The mass, momentum, energy, 
and species conservations of a continuous fluid phase are described by the following 
generalized equation: 
8(p¢) + o(pvx ¢) +~ 8(rpvr ¢) = ~ (r 8¢) +~~ (rr 8¢) +S +S (199.1) 
at EJx r or ax 1> ax r or 1> or 1> p,,p 
where the general variable ¢ represents one of the dependent variables as follows: gas 
velocity components (vx in x-direction and Vr in r-direction), turbulent kinetic energy 
(k), eddy dissipation rate (E), enthalpy (h), and mass fraction of chemical species Yj 
(j=CH4 , O2 , CO, H20 and CO2), and ¢ = 1 for the continuity equation. 
Both the finite rate model (FRM) and the eddy dissipation model (EDM) are employed 
in the present work to calculate the overall chemical reaction rate. The EDM describes 
the effect of turbulence on the reaction rate. The eddy dissipation reaction rates are 
calculated based on the work of Magnussen and Hjertager [1]. The FRM describes the 
effect of temperature and concentration of the species on the reaction rate. The rate of 
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reaction for any reactant is assumed to be given by the Arrhenius expression. The lower 
rate, out of the eddy dissipation rates and the chemical kinetics rate, is the limiting rate 
of reaction and is used for the calculations. 
The particle phase is simulated by the discrete element method (DEM) [2,3]. The 
motion of every individual particle in the system is described by the Newtonian equation 
of motion, equation (199.2). The left term in equation (199.2) is the change of particle 
momentum and the right terms are the forces acting on the particle. They are the drag 
force (term 1), the force (term 2) due to the pressure gradient in the gas, the buoyancy 
(term 3), and the normal and the tangential particle-particle contact interaction forces (Fn 
and Ft ), respectively. 
In the simulation, the governing equations are solved sequentially. Because the equa-
tions are non-linear and coupled, several iterations of the solution loop were performed 
before a convergence is achieved. The simulation results show that the inert particles 
change the pattern of gas flow and cause the gas circumfluence in the reaction zone. This 
enhances the diffusion of the reactants and products and increases the chemical reaction 
rates. As heat carriers, the hot particles heated in the high temperature region move to the 
reactor bottom and transfer their heat to the cold methane and air. As the results, the prop-
agation of the reactions starting from the reactor wall is accelerated and, or the reactants 
are heated to the activation temperature and then the reactions are ignited. The charge of 
solid particles in a reactor also makes the reactants and products distribute uniformly in 
the reactor. 
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